Identification of High-Risk Adults
copal episodes that are associated with sudden death, other clinical features and electrocardiographic and hemodynamic measurements are similar in those who die suddenly and survive and do not help identify the high-risk young patient. The majority of children and adolescents who die suddenly neither have any limitation of exercise tolerance nor have experienced syncope; when syncope does occur, this is ominous. In a retrospective analysis of 37 patients, it was 86% specific for subsequent sudden death.12 In addition, arrhythmias during electrocardiographic monitoring are uncommon in children and adolescents and do not appear to be of predictive prognostic value.9 Thus, in the patients with hypertrophic cardiomyopathy who are at greatest risk, many of whom are not only young but also asymptomatic, current clinical and hemodynamic evaluation is of limited value in the identification of most of those who died suddenly. This underscores the need to better characterize patients with hypertrophic cardiomyopathy in relation to likely mechanisms of sudden death. cause of these findings is that during exercise these patients are unable to increase or maintain stroke volume. To test this hypothesis, invasive hemodynamic studies were performed in 10 hypotensive responders and 10 normal blood pressure responders.17 Cardiac output increased appropriately and similarly in both groups, but there was an exaggerated fall in systemic vascular resistance that was observed to take place in association with the fall in blood pressure. This indicates abnormal peripheral vascular responses, which may be an important determinant of not only exercise blood pressure but also the hemodynamic response to arrhythmias in the condition. The prognostic significance of exercise hypotension and abnormal control of peripheral blood flow remains to be determined.
Mechanisms of Sudden
In addition to hemodynamic factors, the electrical stability of the myocardium must also be an important determinant of sudden death. In the adult, nonsustained ventricular tachycardia during electrocardiographic monitoring may be a marker of this, whereas in children and adolescents no such marker has been identified. The extent and severity of myocardial disarray may influence the electrical stability of the myocardium. Myocardial disarray is greater in young patients who die suddenly than in adults who die suddenly or from other causes, but the severity and distribution of disarray is not closely related to the severity and distribution of hypertrophy and at present can only be reliably assessed at postmortem examination. 18 What is the role of programmed ventricular stimulation in the identification of high-risk patients with hypertrophic cardiomyopathy? The study by Fananapazir et al19 reports the results of right ventricular and, in some, left ventricular stimulation in a consecutive but predominantly high-risk subset of patients with hypertrophic cardiomyopathy. Sustained ventricular arrhythmias of "more than 30 beats" were induced by an aggressive stimulation protocol in 66 of 155 patients (43%). In 64 of these, tachycardia was associated with "marked and prompt systemic arterial hypotension and loss of consciousness," and in 31, it degenerated into ventricular fibrillation. The significance of short episodes of polymorphic ventricular tachycar-dia, a nonspecific response in other clinical settings, that results in hypotension is problematic. Does this finding provide a marker of primary electrical instability, of hemodynamic instability, or is it merely a nonspecific artifact of an aggressive stimulation protocol in patients with myocardial hypertrophy who tolerate heart rates in excess of 250 beats/min poorly? The prognostic significance of these findings will be uncertain until the clinical outcome has been determined and compared with a larger number of low-risk patients than was reported by Fananapazir et al. 19 The association of "higher risk patients" with inducible sustained ventricular arrhythmia is of interest. This may reflect a protocol that was not consistently applied with the possibility of systematic error related to more vigorous testing of patients with cardiac arrest or recurrent syncope. The clinical relevance of Fananapazir et al's finding of sustained ventricular arrhythmia will depend on the reproducibility of the findings and, ultimately, on prospective evaluation.
What is the potential for programmed electrical stimulation to improve on the sensitivity (.69%) of electrocardiographic monitoring for the identification of the high-risk adult with hypertrophic cardiomyopathy? As electrocardiographic monitoring identifies most of the adults who are at high risk, electrophysiologic studies may be more profitably performed in selected "high risk" patient populations. As discussed above, the predictive accuracy of ventricular tachycardia is low (22%). Programmed stimulation as well as assessment of left and right ventricular function may provide measurements that will improve the predictive accuracy and identify those patients with episodes of nonsustained ventricular tachycardia during electrocardiographic monitoring who are at greatest risk and warrant more vigorous treatment. A broader application of programmed ventricular stimulation in adults with hypertrophic cardiomyopathy, however, does not seem warranted.
The cause of sudden death in hypertrophic cardiomyopathy is uncertain. The low incidence of spontaneous arrhythmias in the young suggests that in this subgroup of patients, a primary arrhythmia is unlikely. We speculate that in some adults, but particularly in the young, the precipitating event is most often hemodynamic with hypotension in relation to emotion or exercise-related tachycardia. In addition, ischemia may be an important cause or consequence of tachycardia. Coincident ambulatory electrocardiographic monitoring in a young man who died suddenly documented sinus tachycardia with several minutes of marked ST-segment depression preceding a brief period of junctional escape rhythm and a fatal ventricular tachyarrhythmia.20 A primary supraventricular tachyarrhythmia as the cause of the tachycardia is also possible but less likely. The outcome, survival versus sudden death, is then determined by the vulnerability of the myocardium to sustain ventricular fibrillation.
In the assessment of adults and, particularly, children and adolescents with hypertrophic cardiomyopathy, future studies should evaluate patients in relation to likely mechanisms of sudden death. This should include an assessment of both propensity for hemodynamic collapse as well as the vulnerability of the myocardium to life-threatening arrhythmias. The optimal method of acquiring this information has not been determined and may differ in patient subgroups, particularly in relation to age and perhaps in relation to the severity of both left ventricular hypertrophy and functional impairment. Noninvasive tests that simulate or record events during normal daily life, such as stress testing, response to physiologic maneuvers, and electrocardiographic monitoring, can be broadly applied, whereas invasive investigations, particularly electrophysiologic studies, are more appropriate in selected subgroups. It is important that patients with hypertrophic cardiomyopathy are better characterized in relation to likely mechanisms of sudden death as the pharmacologic and surgical treatments may significantly improve prognosis if they are applied appropriately.
